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Executive Summary 
Seagrass is an important habitat in Port Phillip 
Bay (PPB). The objective of the Seagrass 
Monitoring Program is to detect changes in 
seagrass health in PPB outside expected 
variability. The program consists of three main 
elements: 1) large-scale mapping of seagrass area; 
2) small-scale assessment of seagrass health in 
the field; and 3) monitoring of environmental 
factors that are known to influence seagrass 
health.  
This milestone report presents the results of 
small-scale monitoring of seagrass health for 
summer (January/February) 2009. It includes a 
detailed assessment of 1) seagrass cover, 
stem/shoot density and length for subtidal and 
intertidal seagrass plots at six regions, and 2) 
factors that are known to influence seagrass 
health (light, turbidity, and epiphyte cover). 
Subtidal seagrass was monitored at two depths: 
shallow (1–2 m) and deep (3- 5m) plots at six and 
four of the regions, respectively. 
Seagrass cover, length and stem/shoot density in 
summer 2009 were compared with previous 
monitoring undertaken in autumn, winter and 
spring 2008. Seagrass health was also compared 
against historical data collected between 2004 
and 2007 for plots at three of six shallow subtidal 
plots, and two of four intertidal plots. 
Seagrass health 
Subtidal and intertidal seagrass beds may be 
influenced by different factors and are 
considered separately. 
Subtidal 
Subtidal seagrass beds monitored in this study 
consisted of a single seagrass species 
Heterozostera nigricaulis. Intertidal seagrass beds 
usually comprised Zostera muelleri, although the 
aquatic macrophyte Lepilaena marina was also 
present at the Swan Bay and Mud Islands 
intertidal plots. 
Plots at Blairgowrie (shallow), Mud Islands 
(shallow and deep), Swan Bay 1 and 2 (shallow), 
and St Leonards 2 (deep) continued to be 
characterised by high overall seagrass cover and 
were dominated by high densities of 
predominantly shooting stems. Many of these 
plots exhibited seasonal growth from autumn 
2008 through to summer 2009, represented by 
either higher cover, length or stem counts in 
summer relative to levels in spring, winter and 
autumn 2008. Seagrass in these plots behaved in 
a way which was broadly consistent with 
observed growth patterns for H. nigricaulis in 
PPB. 
The only exception to this pattern was at the 
Swan Bay 1 shallow plot where seagrass cover 
decreased by 70% between spring 2008 and 
summer 2009. No corresponding pattern was 
observed at the adjacent Swan Bay 2 shallow 
plot, located 200 m away, indicating that this 
decrease was restricted to only a single plot and 
not generalised across the Bay. 
Shooting Heterozostera nigricaulis plants were 
recorded at greater depth at Blairgowrie and 
Point Richards in February 2009 in comparison to 
October 2008 using video transects run 
perpendicular to the coast at these locations. 
Intertidal 
In comparison to the subtidal seagrass plots, 
intertidal seagrass displayed little evidence of 
growth from autumn 2008 through to summer 
2009. Intertidal seagrass cover, length and shoot 
density did not change between spring 2008 and 
summer 2009 at Mud Islands and St Leonards. 
Seagrass cover decreased slightly at Swan Bay 
between spring and summer, but cover, length 
and shoot densities remained high at this plot. 
Seagrass length and shoot density continued to 
decline at Point Richards in summer 2009 
associated with increasing sand accretion in the 
intertidal zone. 
Factors that affect seagrass health 
Benthic light availability exceeded conservative 
environmental requirements for seagrasses in 
southern PPB at all regions. 
Epiphyte algae were patchy in space and time 
and often characterised by fluctuating peaks in 
abundance. In general epiphytic algae were less 
abundant on 1) intertidal than subtidal seagrass 
plants, and 2) subtidal plots dominated by non-
shooting stems. No consistent change in 
epiphytic algal cover was observed between 
autumn 2008 and summer 2009. Levels of 
epiphytic turfing, encrusting and macroalgal 
cover showed no consistent change. There was 
both increases and decreases in summer 2009 
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relative to levels recorded previously in spring, 
winter and autumn. 
The decrease in seagrass cover at the Swan Bay 1 
shallow plot in summer 2009 was preceded by 
high epiphytic cover (>95%) in spring 2008. 
Macroalgal cover was also relatively high at 
Swan Bay 2 in spring 2008 (>70%), but there was 
no corresponding reduction in seagrass cover 
observed at this plot. 
Conclusions 
Subtidal seagrass health varied as expected based 
on previous studies of seagrasses in PPB.  
The health of seagrass was contingent on the 
condition of the plot at the commencement of the 
monitoring program in 2008. The patterns 
observed varied depending upon whether field 
assessment plots were initially dominated by 
healthy shooting stems or dead, non-shooting 
stems. The latter are indicative of formerly 
healthy seagrass meadows.  
Over the last three months (spring 2008 to 
summer 2009), a large decrease in cover occurred 
at Swan Bay 1. This decrease was possibly linked 
to high epiphytic macroalgal levels in spring, but 
this response was limited to this plot and not 
replicated at Swan Bay 2. 
No clear growth pattern was observed for 
intertidal seagrass. Intertidal seagrass length and 
shoot densities continued to decline at Point 
Richards associated with increasing sand 
accretion in the intertidal zone. No changes to 
intertidal seagrass beds were identified outside 
expected variability and observed changes in 
seagrass health were a continuation of previous 
trends. 
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Introduction 
Seagrass is an important habitat in Port Phillip 
Bay (PPB). Seagrasses are highly productive 
ecosystems, supporting diverse faunal 
assemblages, many of commercial importance. 
Seagrass plants filter and retain nutrients, 
stabilise sediments and baffle wave energy, 
protecting adjacent coastal shorelines from 
erosion. 
The Seagrass Monitoring Program is described in 
the Port of Melbourne Corporation (PoMC) 
Channel Deepening Baywide Monitoring 
Programs (CDBMP) Seagrass Monitoring 
Detailed Design (PoMC 2008). 
The objective of this program is to detect changes 
in seagrass health in PPB outside expected 
variability. The program consists of three main 
elements: 
• Annual large-scale monitoring of seagrass 
coverage at nine regions using aerial 
mapping and periodic video ground-truthing 
in April/May  
• Small-scale monitoring of seagrass health for 
six of the nine regions at representative field 
assessment plots sampled quarterly 
• Monitoring of key parameters that are 
known to affect seagrass health (including 
light, turbidity and epiphyte abundance). 
Purpose of this Report 
This milestone report covers the reporting period 
January–February 2009, and presents: 
• A summary of results for the small-scale 
monitoring of seagrass health undertaken in 
summer (January/February) 2009 
• A summary of measurements for primary 
factors influencing seagrass health (i.e. light, 
turbidity and epiphytes) 
• A discussion of relevant observations for 
other factors considered to influence seagrass 
health  
• A discussion of trends in the data observed, 
along with comparisons against small-scale 
monitoring results for autumn, winter and 
spring 2008, and historical seagrass 
monitoring (2004–07) where available 
• Discussion of QA/QC issues and any 
peculiarities, along with any associated 
implications for the data. 
Previous results from this program were 
reported in Hirst et al. (2008a, b, 2009). 
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Materials and Methods 
Project design and methods for this program are 
described in PoMC (2008). Additional methods 
presented in this report and not otherwise 
described by Hirst et al. (2008a, b, 2009) are 
summarised in Appendix 1.  
This report comprises two main elements: 
• Small-scale monitoring of seagrass health for 
six regions (Table 1) 
• Monitoring of key parameters that are 
known to affect seagrass health (including 
light and epiphyte abundance). 
The location of field-assessment plots for small-
scale seagrass monitoring, light loggers and 
POMC turbidity monitoring stations in PPB are 
shown in Figures 1 and 2. 
Data Management 
QA/QC. 
There were no significant field events observed 
or other QA/QC issues recorded during this 
reporting period.  
Exceptions to Detailed Design 
Exceptions to the Detailed Design (PoMC 2008) 
for the reporting period are documented in 
Exception Report ER2009#30, and summarised as 
follows: 
• Upper intertidal limit measurements were 
not recorded at Swan Bay due to seagrass 
wrack on the shore 
• Deeper boundary of subtidal seagrass was 
not monitored at Mud Islands and St 
Leonards (see also ER2009#28 and Hirst et al. 
2009). 
 
 
 
 
Table 1. Summary of small-scale seagrass monitoring plots within regions.  
Region Field Assessment Plots 
 Intertidal Shallow (1–2 m) Deep (2–5 m) 
Kirk Point    
Point Richards    
St Leonards 1    
St Leonards 2*    
Swan Bay 1  #  
Swan Bay 2    
Mud Islands    
Blairgowrie    
* Contingency deep plot for St Leonards 1 deep. 
# Extra field-assessment plot established in July/Aug 2008 due to positional error in location of original Swan Bay shallow plot 
established in April/May 2008 (renamed to Swan Bay 2) relative to position of historic sampling plot (see Hirst et al. 2008b and 
ER2008#13). 
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Figure 1. Locations of monitoring regions and small-scale field assessment plots in Port Phillip Bay. 
 
Figure 2. Locations of light loggers, EPA water quality monitoring sites and PoMC turbidity 
monitoring stations in Port Phillip Bay. 
Note: The closest pile for deployment of light loggers at the Kirk Point region was located at Long Reef. 
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Results 
The results for this program for the reporting 
period January–February 2009 (summer) are 
provided in Appendix 2 and summarised below. 
Seagrass health 
Seagrass health was assessed in terms of 
temporal changes across regions and depth plots 
using linear mixed-effects statistical models. The 
magnitude and direction of temporal change in 
cover, length and stem/shoot density varied 
between regions and seasons for all seagrass 
health variables, as indicated by strong statistical 
interactions between regions and sampling dates. 
Seagrass cover between spring 2008 and summer 
2009: 
• In shallow subtidal plots, increased at Mud 
Islands, decreased at Swan Bay 1 and was 
unchanged at Blairgowrie, Swan Bay 2, St 
Leonards, Point Richards and Kirk Point 
• In deep subtidal plots, increased at St 
Leonards 2, and was unchanged at 
Blairgowrie, Mud Islands, St Leonards 1 and 
Point Richards 
• In intertidal plots, decreased at Swan Bay, 
but was unchanged at Mud Islands, St 
Leonards and Point Richards. 
Seagrass length between spring 2008 and 
summer 2009: 
• In shallow subtidal plots, increased at Swan 
Bay 2, decreased at Point Richards and Kirk 
Point and was unchanged at Blairgowrie, 
Mud Islands, Swan Bay 1 and St Leonards 
• In deep subtidal plots, increased at St 
Leonards 2, decreased at Point Richards and 
was unchanged at Blairgowrie, Mud Islands 
and St Leonards 1 
• In intertidal plots, decreased at Point 
Richards and was unchanged at Mud 
Islands, Swan Bay and St Leonards. 
Shooting stem/shoot density between spring 2008 
and summer 2009: 
• In shallow subtidal plots, decreased at Kirk 
Point, but were unchanged at Blairgowrie, 
Mud Islands, Swan Bay 1 and 2, St Leonards 
and Point Richards 
• In deep subtidal plots, increased at Mud 
Islands, and was unchanged at Blairgowrie, 
St Leonards 1 and 2, and Point Richards 
• In intertidal plots, decreased at Point 
Richards, and was unchanged at Mud 
Islands, Swan Bay and St Leonards. 
Shallow plots at Point Richards, St Leonards and 
Kirk Point and deep plots at Blairgowrie, St 
Leonards and Point Richards were dominated by 
non-shooting stems (>70%) during summer 2009. 
Stems without shoots comprised <30% of stems 
recorded at the other subtidal plots.  
Intertidal seagrass upper limits 
The upper extent of intertidal seagrass at St 
Leonards was similar between spring 2008 and 
summer 2009 while the monitoring lines at Mud 
Islands moved predominantly landward by up to 
7 m. Point Richards showed the most variation, 
with one monitoring line moving seaward by 
approximately 9 m since autumn 2008, and two 
lines that were buried by sand during 2008 had 
not been recolonised with seagrass by summer 
2009. 
Subtidal seagrass lower limits 
Shooting Heterozostera nigricaulis plants were 
recorded on 9 of 11 transects surveyed at 
Blairgowrie in February 2009 to a mean 
maximum depth of 7.2 m. Shooting H. nigricaulis 
plants were previously observed on only one 
transect at Blairgowrie at a depth of 3.5 m in 
October 2008. 
The maximum depth of shooting H. nigricaulis 
plants at Point Richards was significantly greater 
in the February 2009 survey (mean = 10.1 m) 
compared to the November 2008 survey (mean = 
8.8 m). 
Light, turbidity and epiphytes 
Light attenuation (Kd), % surface 
irradiance and turbidity 
Benthic light availability exceeded conservative 
environmental requirements for seagrasses in 
southern PPB at all regions during January-
February 2009. Turbidity levels monitored by the 
PoMC in southern PPB were also low around 
mid-day during this period. 
Epiphytes 
Temporal changes in epiphyte cover were 
assessed across regions and depth plots. 
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Turfing algal cover between spring 2008 and 
summer 2009: 
• At shallow subtidal plots, increased at 
Blairgowrie (<70% cover), Swan Bay 2 and 
Mud Islands (>10% cover), was unchanged at 
Swan Bay 1 and was 0% at St Leonards 1, 
Point Richards and Kirk Point 
• At deep subtidal plots, increased at Mud 
Islands, but was unchanged at the other deep 
plots. Turfing algae covered >40% of leaf area 
at Mud Islands and >10% of leaf area at St 
Leonards 2 in summer 2009. Cover was very 
low (i.e. <2%) at Blairgowrie, St Leonards 1 
and Point Richards 
• At intertidal plots, increased at Swan Bay 
(>30%), but remained low (<3%) at Mud 
Islands, St Leonards and Point Richards. 
Encrusting algal cover between spring 2008 and 
summer 2009:  
• At shallow subtidal plots, increased at 
Blairgowrie and Mud Islands, decreased at 
Swan Bay 1, 2 and St Leonards and was 
unchanged at Point Richards and Kirk Point. 
Encrusting algae covered >40% of leaf area at 
Blairgowrie, >20% at Mud Islands, >5% at 
Swan Bay 1 and 2 and 0% at St Leonards, 
Point Richards and Kirk Point 
• At deep subtidal plots, increased at Mud 
Islands, St Leonards 2 and Point Richards, 
and was unchanged at Blairgowrie and St 
Leonards 1. Encrusting algae covered >30% 
of leaf area at Mud Islands, >10% at St 
Leonards 2, >5% at Point Richards and <5% 
at Blairgowrie and St Leonards 1 
• At intertidal plots, was unchanged and 
covered <5% of leaf area in summer 2009.  
Epiphytic macroalgal cover between spring 2008 
and summer 2009:  
• At shallow subtidal plots, decreased at Mud 
Islands and Swan Bay 1 and 2 and was 
unchanged at other sites. Macroalgal 
epiphytes covered >70% of plots at Swan Bay 
1 and >50% in Swan Bay 2; >5% of plots at 
Blairgowrie and Mud Island and >1% of plots 
at Point Richards, St Leonards and Kirk Point 
in summer 2009 
• At deep subtial plots increased at Mud 
Islands and was unchanged at Blairgowrie, St 
Leonards 1, 2 and Point Richards. Macroalgal 
epiphytes covered <5% of deep plots in 
summer 2009 
• At intertidal plots decreased at Mud Islands 
and Swan Bay  
• Macroalgal levels remained <5% at St 
Leonards and Point Richards in summer 
2009. 
Comparisons against historical 
data 
Seagrass health 
Historical data indicated that seagrass cover, 
length and stem density were substantially 
higher at the shallow subtidal Kirk Point and 
Point Richards plots between 2005 and 2007 
when compared with recent monitoring in 2008–
09.  
Seagrass covered >95% of the Swan Bay 2 
shallow subtidal plot between April 2005 and 
April 2006, but by April 2007 had decreased to 
12% cover. Seagrass cover (44%) and length in 
February 2009 at Swan Bay 2 was still low 
relative to past trends at this plot. 
Intertidal seagrass cover and shoot density at 
Point Richards in January 2009 were similar to 
past levels observed at this plot, although 
seagrass length in January 2009 was at its lowest 
level recorded. Zostera muelleri dominated the 
Swan Bay intertidal plot when it was established 
in April 2005, but following November 2006 this 
plot became dominated by the aquatic 
macrophyte Lepilaena marina. 
Seagrass epiphyte cover 
Epiphytic algal cover varied over time in shallow 
seagrass plots sampled on nine occasions 
between April 2005 and January/February 2009. 
Epiphytic algal levels at Kirk Point and Point 
Richards were low relative to past levels 
observed for these plots. Epiphytic turfing and 
encrusting algal cover at the Swan Bay 2 shallow 
plot in January 2009 was similar to levels 
previously observed at this plot. Epiphytic 
macroalgal cover at Swan Bay 2 in February 2009 
exceeded levels recorded in April 2005 and 2006, 
but were less than April 2007. 
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Discussion 
Seagrass health 
Subtidal  
Plots at Blairgowrie (shallow), Mud Islands 
(shallow and deep), Swan Bay 1 and 2 (shallow), 
and St Leonards 2 (deep) continued to be 
characterised by high overall seagrass cover and 
were dominated by high densities of 
predominantly shooting stems. Many of these 
plots exhibited seasonal growth from autumn 
2008 through to summer 2009, represented by 
either higher cover, length and/or stem counts in 
summer 2009 relative to levels in spring, winter 
and autumn 2008. Seagrass in these plots 
behaved in a way which was broadly consistent 
with observed growth patterns for H. nigricaulis 
in PPB. Heterozostera nigricaulis biomass is 
typically lowest in autumn following the 
seasonal senescence of leaves and shoots 
(Hillman et al. 1989) and highest in 
spring/summer (Bulthuis and Woelkerling 
1983a).  
The main exception to this pattern was at the 
Swan Bay 1 shallow plot where seagrass cover 
decreased in summer 2009. No corresponding 
pattern was found for length or stem densities in 
summer 2009 for this plot. A small decrease in 
cover at the Swan Bay intertidal plot was also 
observed between spring 2008 and summer 2009, 
although cover in summer 2009 remained 
unchanged relative to the long-term mean for 
this plot. No similar pattern of decline in cover 
was observed at the adjacent Swan Bay 2 subtidal 
plot, located 200 m away. 
Plots at Blairgowrie (deep), St Leonards 1 
(shallow and deep), Point Richards (shallow and 
deep) and Kirk Point (shallow) comprised mostly 
non-shooting stems (>75%) that displayed no 
evidence of seasonal growth between autumn 
2008 and summer 2009. At Blairgowrie (shallow), 
Point Richards (shallow and deep) and Kirk 
Point there were no shooting stems present in 
summer 2009, and there was no evidence of an 
increase in shooting stem densities at the St 
Leonards 1 (shallow and deep) plots. The 
continued decline of stem length at Point 
Richards (shallow and deep) and Kirk Point in 
summer 2009 was indicative of continuing loss 
and degradation of dead stems (and presumably 
below-ground rhizomes) at these plots.  
Plots dominated by non-shooting stems in 2008–
09 are remnants of seagrass beds previously 
found at these locations. Between 2000 and 2008 
total seagrass area declined from 63% to 8% of 
the mapping region at Point Richards, from 30% 
to 6 % at Blairgowrie and from 24% to 12% at St 
Leonards (Hirst et al. 2008b). Total seagrass area 
has also decreased more recently inshore at Kirk 
Point, from 92% to 78% of the region between 
2007 and 2008. This is where the shallow plot is 
located. Residual stems and rhizomes typically 
remain following the loss of live canopy-forming 
seagrass and appear to degrade slowly over a 
number of months. 
Although there was no evidence of regrowth of 
seagrass at plots dominated by non-shooting 
stems, changes to lower seagrass depth limits at 
Blairgowrie and Point Richards portray a slightly 
different situation. Live shooting stems were 
recorded to a mean maximum depth of 7.2 m at 
Blairgowrie in February 2009. These were largely 
absent in October 2008 (only recorded on a single 
transect at maximum depth of 3.5 m). It is likely 
that these new shooting stems have grown from 
existing rhizomes or from seeds. There was no 
evidence that these new shoots have regrown 
from non-shooting stems (diver observations). 
This finding suggests that remnant rhizoidal 
material, that remains dormant in the sediment, 
may be an important source of seagrass 
recruitment/colonisation in denuded areas, given 
suitable conditions.  
New shooting-stems were also observed at 
greater depth (10.1 m) at Point Richards in 
February 2009 in comparison to October 2008 (8.7 
m). These new shooting stems are again likely to 
have emerged from existing rhizomes in the 
sediment. The appearance of new shooting-stems 
in February 2009 at greater depth for both 
Blairgowrie and Point Richards indicates that 
there was sufficient light available to support the 
growth of new seagrass plants at these offshore 
locations. 
Intertidal  
Zostera muelleri length and shoot density 
continued to decline at the Point Richards 
intertidal plot in summer 2009. These declines 
were clearly linked to sand accretion in the 
intertidal zone. Longshore drift has resulted in 
recent sand accretion and a seaward expansion in 
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the width of the beach adjacent to this region. 
Beaches in PPB are subject to continual erosion 
and accretion with longshore drift of sand being 
an important factor at many locations (Jones 
1992). In summer 2009, approximately 75% of the 
intertidal plot at Point Richards was covered by 
sand and only three of twelve random quadrats 
surveyed contained seagrass.  
At Mud Islands and St Leonards, seagrass cover, 
length and shoot density were unchanged 
between spring 2008 and summer 2009. There 
was a small decrease in seagrass cover at Swan 
Bay between spring 2008 and summer 2009, but 
no corresponding change for length and shoot 
densities during the same period. Cover, length 
and density remained unchanged relative to the 
long-term trend at this plot. 
In contrast to the subtidal plots, no clear seasonal 
growth-pattern was observed for the intertidal 
plots. Previous studies have found that Z. 
muelleri biomass is typically lowest in winter and 
greatest in spring/summer (Kerr and Strother 
1989, 1990). 
Factors that affect seagrass health 
Benthic light levels within PPB were greater than 
15% of surface irradiance and so sufficient to 
support seagrass health during summer 2009.  
The percentage of surface irradiance reaching 
seagrass plants may be reduced by increases in 
water column turbidity, phytoplankton blooms 
and shading from epiphytic algae. Seagrasses are 
also subject to self-shading (Zimmerman 2006). 
Based on evidence from the literature and 
investigations in PPB, an average value of 15% of 
surface light is used as a conservative minimum 
annual light requirement for Zosteraceae species 
in the southern part of PPB (CEE 2007).  
Turbidity levels adjacent to the seagrass 
assessment regions were low and within the 
limits outlined in the CDP Environmental 
Management Plan (POMC 2009) for the 
Blairgowrie, Mud Islands and St Leonards 
regions.  
Seagrasses are important sites for attachment of 
biota, including epiphytic algae and encrusting 
sessile invertebrates. Epiphytic algae often 
contribute >50% of total primary productivity 
within seagrass meadows (Borowitza et al. 2006). 
In high abundance, epiphytic algae may cause 
excessive shading of seagrass leaves leading to 
reduced seagrass productivity and eventually 
mortality.  
Epiphyte algae were patchy in space and time 
and often characterised by fluctuating peaks in 
abundance. In general epiphytic algae were less 
abundant on 1) intertidal than subtidal seagrass 
plants, and 2) subtidal plots dominated by non-
shooting stems. The latter provide substantially 
less substrate for the attachment of epiphytic 
algae.  
No consistent change in epiphytic algal cover 
was observed between autumn 2008 and summer 
2009 across subtidal plots. Levels of epiphytic 
turfing, encrusting and macroalgal cover were 
observed to both increase and decrease in 
summer 2009 relative to levels recorded 
previously in spring, winter and autumn 2008. 
Epiphyte biomass is closely related to leaf age 
(i.e. epiphyte loads accumulate as leaves age), 
and epiphyte loads are typically highest in 
summer when leaf shoot age tends to be at its 
greatest (Bulthuis and Woelkerling 1983b). 
Turfing and encrusting algal cover on seagrass 
leaves was highest in summer 2009 at 
Blairgowrie (shallow) and Mud Islands (shallow 
and deep). Turfing algal cover at Swan Bay 1 and 
2 was also the highest in summer 2009, but 
encrusting algal levels were the lowest recorded. 
Epiphytic macroalgal cover generally did not 
peak in summer and was actually the lowest 
recorded at the Mud Islands shallow plot in 
summer 2009.  
The high cover (>95%) of epiphytic macroalgae 
recorded in spring 2008 at the Swan Bay 1 
shallow plot was notable given the subsequent 
loss of seagrass cover at this plot between spring 
2008 and summer 2009. A slight decrease in 
seagrass cover at the Swan Bay intertidal plot 
between spring 2008 and summer 2009 was 
preceded by high levels of epiphytic macroalgae 
(a survey high >40% in spring 2008). No 
corresponding reduction in seagrass cover was 
observed at the adjacent Swan Bay 2 shallow plot 
between spring 2008 and summer 2009, despite 
macroalgal epiphyte covers exceeding 70%. 
The link between high macroalgal epiphyte cover 
and seagrass loss is well established (Hauxwell et 
al. 2001, 2003, Fox et al. 2008), although the exact 
mechanisms are often not well understood (i.e. 
competition for nutrients and CO2, increased 
physical drag and shading and alteration of the 
chemical environment). Hauxwell et al. (2001) 
found epiphyte height of 9–12 cm lead to 
reduced growth and cover in Zostera marina in 
the US. Hauxwell et al concluded that no one 
single mechanism was responsible for this effect. 
  
8 
Epiphytic cover in Swan Bay has been high 
compared with the other plots monitored in this 
program. The epiphytic levels recorded in spring 
2008 at Swan Bay 2 were historically high for that 
season. 
Conclusions 
Subtidal seagrass health varied as expected based 
on previous studies of seagrasses in PPB.  
The health of seagrass was contingent on the 
condition of the plot at the commencement of the 
monitoring program in 2008. The patterns 
observed varied depending upon whether field 
assessment plots were initially dominated by 
healthy shooting stems or dead, non-shooting 
stems. The latter are indicative of formerly 
healthy seagrass meadows.  
Over the last three months (spring 2008 to 
summer 2009), a large decrease in cover occurred 
at Swan Bay 1. This decrease was possibly linked 
to high epiphytic macroalgal levels in spring, but 
this response was limited to this plot and not 
replicated at Swan Bay 2. 
No clear growth pattern was observed for 
intertidal seagrass. Intertidal seagrass length and 
shoot densities continued to decline at Point 
Richards associated with increasing sand 
accretion in the intertidal zone. No changes to 
intertidal seagrass beds were identified outside 
expected variability and observed changes in 
seagrass health were a continuation of previous 
trends. 
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Appendix 1. Materials and Methods 
The following describes materials and methods 
utilised for this program and not otherwise 
specified in the Detailed Design (PoMC 2008) or 
earlier reports (Hirst et al. 2008a, b, 2009). 
Data analysis 
Spatial and temporal trends in subtidal seagrass 
health (% cover, length and stem density) and 
epiphyte cover, recorded using fixed quadrats, 
were examined using linear mixed-effect models 
(see Hirst et al. 2009). The model chosen to 
describe the response of each dependent variable 
included the terms ‘region’ and ‘date’ as fixed 
effects, and variance within quadrats over time 
analysed as a random effect. To account for 
temporal correlation within quadrats, models 
were fitted alternatively with compound, 
unstructured and AR1 covariance matrices. The 
optimum model fit was chosen using Akaike’s 
Information Criteria (AIC).  
A Helmert series of contrasts was used to 
compare the most recent sampling event in 
summer 2009 with spring 2008 and then, in turn, 
with the mean of previous sampling events using 
the following sequence: 
• C1 - summer 2009 versus spring 2008  
• C2 – summer 2009 versus spring and 
winter 2008 combined 
• C3 – summer 2009 versus spring, winter 
and autumn 2008 combined 
Helmert contrasts are useful when the dependent 
variables have some natural order as for a time 
series (e.g. a growth response). 
Differences between regions, where detected, 
were identified using Tukey’s HSD (Honestly 
Significant Difference) post-hoc tests.  
Analysis of intertidal seagrass data was 
performed using 2-way ANOVA as described in 
Hirst et al. (2008b). Linear mixed effects 
modelling, ANOVA and accompanying Helmert 
planned contrasts were performed using the R 
statistical software package. 
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Appendix 2. Results 
Seagrass Health 
Results are reported separately for subtidal plots 
(shallow and deep) containing H. nigricaulis 
(Figures 3-8), and intertidal plots, typically 
dominated by Z. muelleri (Figure 9). 
Subtidal 
Seagrass cover 
Seagrass cover at shallow subtidal plots (pooled 
data) varied significantly between regions and 
sampling dates (season) (Table 2). Seagrass cover 
in the shallow subtidal plots at Mud Islands was 
significantly greater than Blairgowrie and Swan 
Bay 1, which in turn was greater than that 
recorded at Kirk Point, Point Richards and St 
Leonards (Tukeys post-hoc test, Table 2). 
Seagrass cover increased significantly at Mud 
Islands and decreased at Swan Bay 1 between 
spring 2008 and summer 2009 (Table 2, Figure 3). 
Seagrass cover was unchanged between spring 
2008 and summer 2009 for all other shallow 
subtidal plots. Only seagrass at Blairgowrie and 
Mud Islands displayed a significant increase in 
cover relative to the long-term trend at these 
plots. Seagrass cover at Swan Bay 1 displayed a 
significant decline relative to the long-term trend, 
due primarily to the recent loss of seagrass cover 
at this plot. St Leonards, Point Richards and Kirk 
Point shallow plots displayed no long-term trend 
in seagrass cover (Table 2, Figure 3). 
Seagrass cover at deep subtidal plots (pooled 
data) varied significantly between regions and 
sampling dates (season) (Table 2). Seagrass cover 
at the Mud Islands deep plot was significantly 
higher than that at the Blairgowrie, St Leonards 1 
and Point Richards deep plots (Tukeys post-hoc 
test, Table 2).  
Seagrass cover increased significantly at the deep 
St Leonards 2 plot between spring 2008 and 
summer 2009, but was unchanged at all other 
plots (Table 2, Figure 4). Seagrass cover in 
summer 2009 was significantly high relative to 
the long-term trend at Mud Islands and St 
Leonards 2 (C2 contrast; spring and winter 2008 
data available only). No long-term trend was 
observed at Blairgowrie, St Leonards 1 and Point 
Richards (Table 2, Figure 4).  
There were strong statistical interactions between 
region and date for both shallow and deep plots, 
implying that the magnitude and direction of 
temporal change in cover varied between regions 
(Table 2). It is therefore not possible to infer a 
generalised (main) effect of region (across dates) 
or time (across regions) for subtidal plots. 
Seagrass length 
Seagrass length at the shallow subtidal plots 
(pooled data) varied significantly between 
regions and sampling dates (Table 2). Seagrass 
length was greatest at Swan Bay 1 and lowest at 
St Leonards and Point Richards (Tukeys post-hoc 
test, Table 2).  
Seagrass length increased significantly at the 
Swan Bay 2 shallow subtidal plot between spring 
2008 and summer 2009, and was also 
significantly higher in summer 2009 relative to 
the long-term trend (Table 2, Figure 5). In 
contrast, seagrass length decreased significantly 
at Point Richards and Kirk Point between spring 
2008 and summer 2009 (Table 2). Seagrass length 
at these plots was also significantly lower relative 
to the long-term trend. There was no statistically 
significant change in seagrass length observed at 
the Blairgowrie, Mud Islands, Swan Bay 1 or St 
Leonards shallow plots for the same period 
(Table 2, Figure 5). 
Seagrass length at the deep subtidal plots (pooled 
data) varied significantly between regions and 
sampling dates (Table 2). Seagrass length was 
greatest at Mud Islands and lowest at 
Blairgowrie and St Leonards 1 (Tukeys post-hoc 
test, Table 2).  
Seagrass length increased significantly between 
spring 2008 and summer 2009 at the St Leonards 
2 deep subtidal plot (Table 2, Figure 6). Length 
was also significantly higher in summer 2009 at 
St Leonards 2 relative to the longer-term trend 
(C2 contrast; spring and winter 2008 data 
available only). Seagrass length decreased 
significantly at Point Richards between spring 
2008 and summer 2009, and was significantly 
lower in summer 2009 relative to the longer term 
trend. Seagrass length was significantly higher in 
summer 2009 relative to spring and winter at 
Blairgowrie with no change observed in 
comparison to spring, winter and autumn 
combined. Seagrass length was higher in summer 
2009 relative to the longer term trend at St 
Leonards 1 (Table 2, Figure 6).   
There was a strong statistical interaction between 
time and region for both shallow and deep 
subtidal plots (Table 2). 
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Figure 3. Mean (± se) seagrass cover (%) for H. nigricaulis at shallow subtidal plots sampled in autumn 
(black), winter (hatched), spring (grey) 2008 and summer (cross-hatched) 2009; n, indicates where no 
data was available for the Swan Bay 2 shallow plot in autumn 2008. 
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Figure 4. Mean (± se) seagrass cover (%) for H. nigricaulis at deep subtidal plots sampled in autumn 
(black), winter (hatched), spring (grey) 2008 and summer (cross-hatched) 2009; n, indicates where no 
data available was available for the St Leonards 2 deep plot in autumn 2008. 
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Figure 5. Mean (± se) seagrass length (cm) for H. nigricaulis at shallow subtidal plots sampled in 
autumn (black), winter (hatched), spring (grey) 2008 and summer (cross-hatched) 2009; n, indicates 
where no data was available for the Swan Bay 2 shallow plot in autumn 2008. 
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Figure 6. Mean (± se) seagrass length (cm) for H. nigricaulis at deep subtidal plots sampled in autumn 
(black), winter (hatched), spring (grey) 2008 and summer (cross-hatched) 2009; n, indicates where no 
data was available for the St Leonards 2 deep plot in autumn 2008. 
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Table 2. Summary of linear mixed effects model analysis testing for differences between all regions and sampling dates for seagrass cover, length and 
shooting stem density counts at shallow and deep subtidal plots.  
 arcsin (% cover) loge (length) loge (density) 
Shallow plots    
Region F5,66=213; P<0.001 F5,66=403; P<0.001 F5,66=1067; P<0.001 
Date F3,198=58.6; P<0.001 F3,198=34.3; P<0.001 F3,198=1.4; NS 
Region*Date F15,198=65.1; P<0.001 F15,198=31.8; P<0.001 F15,198=7.0; P<0.001 
Tukeys test MI>B,SB1>PR,SL1,KP SB1>MI>B>KP>PR,SL1 MI>B>SB1>KP,SL1>PR 
Contrast C1 C2 C3 C1 C2 C3 C1 C2 C3 
Blairgowrie (B) +0.8 +4.9*** +7.0*** +0.7 +0.4 +1.3 -0.7 +0.2 +0.6 
Mud Islands (MI) +4.4*** +8.3*** +11.1*** -0.4 -0.3 +0.02 +1.2 +1.8 +2.8** 
Swan Bay 1 (SB1) -17.9*** -23.5*** -16.3*** -0.1 -0.9 -0.7 -1.7 -1.3 -0.8 
Swan Bay 2 (SB2)1 +0.7 0  +5.7*** +7.1***  +0.1 +0.3  
St Leonards (SL1) -0.1 -0.1 -0.4 +1.2 +0.1 -1.5 -0.9 -3.0** -2.2** 
Pt Richards (PR) -0.5 -0.3 -1.0 -11.6*** -5.0*** -7.3*** 0.0 0.0 -1.1 
Kirk Pt (KP) -0.3 -0.2 -0.3 -9.7*** -8.7*** -9.2*** -2.3* -2.2* -4.4*** 
Deep plots    
Region F3,44=1071; P<0.001 F3,44=66.2; P<0.001 F3,44=749; P<0.001 
Date F3,132=25.5; P<0.001 F3,132=10.7; P<0.001 F3,132=1.1; NS 
Region*Date F9,132=31.6; P<0.001 F9,132=8.1; P<0.001 F9,132=3.8; P<0.001 
Tukeys test MI>B,PR,SL1 MI>PR>B,SL1 MI>B,PR,SL1 
Contrast C1 C2 C3 C1 C2 C3 C1 C2 C3 
Blairgowrie (B) +0.3 -0.1 -0.4 -0.2 +2.4* +1.5 +0.1 -0.6 -0.3 
Mud Islands (MI) 1.7 +4.6*** +8.0*** +0.3 +0.02 +0.2 +2.8** +2.4* +2.2* 
St Leonards 1 (SL1) -0.1 -0.1 -0.1 +0.6 +2.8** +2.1* -0.3 +0.6 +1.1 
St Leonards 2 (SL2)1 +5.6*** +5.7***  +2.5* +4.7***  +0.2 +1.3  
Pt Richards (PR) -0.1 -0.3 -0.2 -4.1*** -4.4*** -6.3*** -0.2 +0.6 -0.7 
Planned statistical comparisons for each plot follow the Helmert sequence detailed in Appendix 1 (i.e. C1, C2 and C3); + t value indicates increase in 
variable; - a decrease in variable; green shading indicates significant increase in variable relative to previous samples; orange shading indicates significant 
decrease in variable relative to previous samples; F: F-ratio; P: probability that null hypothesis is true; NS: not significant. 
NS (or blank) P>0.05, *P<0.05, **P<0.01 and ***P<0.001. 
1 only C1 and C2 contrasts performed (NB. no autumn 2008 data). 
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Stem density 
Shooting stem density counts at the shallow 
subtidal plots (pooled data) varied significantly 
between regions, but not sampling dates 
(season). There was also a significant interaction 
between region and date (Table 2). Shooting 
stem counts were greatest at Mud Islands and 
lowest at St Leonards, Kirk Point and Point 
Richards shallow plots (Tukey’s post-hoc test, 
Table 2). 
Shooting stem densities decreased significantly 
between spring 2008 and summer 2009 at the 
Kirk Point shallow subtidal plot, but were 
unchanged for the other shallow plots (Table 2, 
Figure 7A). Shooting stem densities were also 
significantly lower in summer 2009 relative to 
the long-term trend at Kirk Point and St 
Leonards and significantly higher at the Mud 
Islands shallow plot relative to spring, winter 
and autumn 2008 combined, but not spring and 
winter 2008 combined (Table 2, Figure 7A).  
Shooting stem densities at the deep subtidal 
plots (pooled data) varied significantly between 
regions, but not sampling dates (season). There 
was also a significant interaction between region 
and date (Table 2). Shooting stem counts were 
significantly higher at Mud Islands than at the 
Blairgowrie, St Leonards 1 and Point Richards 
deep plots (Tukey’s post-hoc test, Table 2).   
Shooting stem densities increased significantly 
between spring 2008 and summer 2009 at the 
Mud Islands deep subtidal plot, and were also 
significantly higher relative to the long-term 
trend at this plot. Shooting stem densities were 
unchanged between spring 2008 and summer 
2009 at the other four deep subtidal plots (Table 
2, Figure 8A). 
Three shallow (Figure 7) and three deep (Figure 
8) plots were dominated by non-shooting stems 
during summer 2009. Non-shooting stems 
comprised 100% of the stems recorded at Point 
Richards (shallow), Kirk Point (shallow), 
Blairgowrie (deep) and Point Richards (deep); 
98% at St Leonards (shallow) and 75% at St 
Leonards 1 (deep) (Figure 7B and 8B). Stems 
without shoots comprised <30% of all stems 
recorded at other subtidal plots. Invariably these 
plots comprised high numbers of shooting 
stems. 
Intertidal 
Intertidal seagrass beds were present at four of 
the six regions: Mud Islands, Point Richards, 
Swan Bay and St Leonards. Intertidal plots at 
Mud Islands and Swan Bay comprised a mixture 
of Z. muelleri and the aquatic macrophyte 
Lepilaena marina (Figure 9A). Lepilaena marina 
was more abundant at the Swan Bay plots in 
summer 2009, although its overall cover has 
declined since autumn 2008. Lepilaena marina 
comprised only a small proportion of the 
seagrass present at Mud Islands in summer 
2009. Z. muelleri was the only seagrass species 
present at the Point Richards and St Leonards 
plots. 
Total seagrass cover (Z. muelleri and L. marina 
combined) (pooled data) varied significantly 
between regions but not sampling dates (season) 
(Table 3). There was a strong statistical 
interaction between region and date for seagrass 
cover indicating inconsistent temporal change 
across regions. Intertidal seagrass cover was 
greatest at Swan Bay and lowest at Point 
Richards (Tukeys post-hoc test, Table 3).  
Seagrass cover decreased significantly at Swan 
Bay between spring 2008 and summer 2009, but 
was unchanged at Mud Islands, St Leonards and 
Point Richards. Seagrass cover at Mud Islands in 
summer 2009 was significantly higher relative to 
spring, winter and autumn 2008 sampling 
combined. No other long-term trends in 
seagrass cover were evident (Table 3, Figure 9B). 
Seagrass length (pooled data) varied 
significantly between regions and sampling 
dates (season) (Table 3). A statistical interaction 
between region and sampling date was also 
detected. Seagrass at Mud Islands, Swan Bay 
and St Leonards was significantly longer than at 
Point Richards (Tukeys post-hoc test, Table 3).  
Seagrass length decreased significantly between 
spring 2008 and summer 2009 at Point Richards 
and was significantly lower in summer relative 
to the long-term trend at this plot. Seagrass 
length did not change significantly between 
spring 2008 and summer 2009 at Mud Islands, 
Swan Bay and St Leonards, although it was 
significantly lower at St Leonards in summer 
2009 relative to spring, summer and autumn 
2008 sampling. (Table 3, Figure 9C). 
Shoot densities (pooled data) varied 
significantly between regions and sampling 
dates (season) (Table 3). A significant statistical 
interaction was also detected between region 
and sampling date. Shoot densities were 
significantly higher at Swan Bay, St Leonards 
and Mud Islands than Point Richards (Tukeys 
post-hoc test, Table 3).  
Shoot densities decreased significantly between 
spring 2008 and summer 2009 at Point Richards 
and were significantly lower in summer 2009 
compared with the long-term trend at this plot. 
Shoot densities were unchanged between spring 
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2008 and summer 2009 at Mud Islands, Swan 
Bay and St Leonards (Table 3, Figure 9D).
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Figure 7. Mean (± se) A) shooting and B) non-shooting stem density count per 0.0625 m2 quadrat for H. 
nigricaulis at shallow subtidal plots sampled in autumn (black), winter (hatched), spring (grey) 2008 
and summer (cross-hatched) 2009; n, indicates where no data was available for the Swan Bay 2 shallow 
plot in autumn 2008. 
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Figure 8. Mean (± se) A) shooting and B) non-shooting stem density count per 0.0625 m2 quadrat for H. 
nigricaulis at deep subtidal plots sampled in autumn (black), winter (hatched), spring (grey) 2008 and 
summer (cross-hatched) 2009; n, indicates where no data was available for the St Leonards 2 deep plot 
in autumn 2008. 
n 
n 
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Figure 9. Mean (± se) A) Z. muelleri composition (%), combined seagrass B) cover (%), C) length, and 
D) shoot density count 0.0625 m-2 for intertidal plots sampled in autumn (black), winter (hatched), 
spring (grey) 2008 and summer (cross-hatched) 2009. 
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Table 3. Summary of 2-way ANOVA testing for differences between all regions and sampling dates for seagrass cover, length and shoot density 
counts at intertidal plots.  
 arcsin (% cover) loge (length) loge (density) 
Region F3,176=78.9; P<0.001 F3,176=66.4; P<0.001 F3,176=54.1; P<0.001 
Date F3,176=1.08; NS F3,176=14.6; P<0.001 F3,176=9.5; P<0.001 
Region*Date F9,176=5.2; P<0.001 F9,176=5.80; P<0.001 F9,176=4.2; P<0.001 
Tukeys test SB>SL>MI>PR MI,SL,SB>PR SB,SL,MI>PR 
Contrast C1 C2 C3 C1 C2 C3 C1 C2 C3 
Mud Islands (MI) -0.4 +1.1 +2.08* +1.3 +0.1 -0.2 -1.0 -1.5 -1 
Swan Bay (SB) -2.1* -0.9 -0.6 +0.4 +0.2 +0.3 +0.5 -0.1 -0.6 
St Leonards (SL) 1.1 -0.5 -0.8 -1.0 -1.9 -2.4* +1.0 +0.8 +0.03 
Pt Richards (PR) -1.2 -0.8 -1.9 -3.1** -5.1*** -7.1*** -2.6** -3.6*** -5.5*** 
Planned statistical comparisons for each plot follow the Helmert sequence detailed in Appendix 1 (C1, C2 and C3); + t value indicates increase in variable; - 
a decrease in variable; green shading indicates significant increase in variable relative to previous samples; orange shading indicates significant decrease in 
variable relative to previous samples; F: F-ratio; P: probability that null hypothesis is true; NS: not significant. 
NS (or blank) P>0.05, *P<0.05, **P<0.01 and ***P<0.001. 
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Intertidal seagrass upper limits 
Spatial changes in the monitoring lines for the 
upper extent of the intertidal seagrass at Mud 
Islands, Point Richards and St Leonards are 
presented in Figures 10–12 respectively.  
The upper intertidal monitoring lines at Mud 
Islands moved in a predominantly landward 
direction between spring 2008 and summer 2009. 
The maximum overall change in position since 
spring 2008 was 7 m on lines 1 and 3. The 
position of all three monitoring lines in summer 
2009 had also moved landward compared to the 
first sampling event in autumn 2008. 
The Point Richards intertidal seagrass at lines 3 
and 4 was buried by sand accretion in spring 
2008, and had not re-colonised at these positions 
by summer 2009. Line 2 showed little change in 
its position between spring 2008 and summer 
2009, moving by <2 m in a seaward direction. 
Line 2 had moved seaward by approximately 9 m 
since autumn 2008. Most of line 1 showed little 
change in its position, although its western 
extremity moved by up to 3 m seaward between 
spring 2008 and summer 2009, and this was 
consistent with the overall pattern since autumn 
2008 for this line. 
The positions of the intertidal monitoring lines at 
St Leonards have remained relatively stable since 
autumn 2008. Changes in the monitoring lines 
between spring 2008 and summer 2009, and also 
since autumn 2008, were mostly less than the 
spatial accuracy of the Thales mobile mapper (±2 
m). Line 1 moved predominantly landward while 
line 2 moved predominantly seaward by 
distances <2 m between spring 2008 and summer 
2009. 
Subtidal seagrass lower limits 
Video surveys of maximum seagrass depth were 
conducted at Blairgowrie and Point Richards in 
February 2009. Depths were corrected to the 
Australian Height Datum (AHD).  
Shooting H. nigricaulis plants were recorded on 
nine of 11 transects surveyed at Blairgowrie in 
February 2009, to a mean maximum depth of 7.2 
m. In October 2008 shooting H. nigricaulis plants 
were observed on only one transect at 
Blairgowrie at a depth of 3.5 m (n = 11 transects), 
although non-shooting stems were recorded to a 
mean maximum depth of 10.5 m during the same 
survey.  
The maximum depth of shooting H. nigricaulis 
stems at Point Richards was significantly greater 
(ANOVA; F1,17 = 6.4, P=0.021) in the February 
2009 survey (mean = 10.1 m) in comparison to the 
November 2008 survey (mean = 8.8 m). 
Light, turbidity and epiphytes 
Light attenuation (Kd), % surface 
irradiance and turbidity 
Mean daily light attenuation (Kd) coefficients 
recorded between 10 am and 2 pm are presented 
in Figures 13–18. Where turbidity data presented 
as 6-hourly exponentially weighted moving 
averages (EWMAs) were available from a nearby 
PoMC monitoring station, the EWMA value from 
12 noon was overlayed on the light atttentuation 
data.  
Percentage surface irradiance calculated at the 
depths of the shallow (2 m) and deep (5 m) plots 
is summarised in Table 4. Table 4 also identifies 
any data excluded from the analysis due to 
problems with the operation of the light logger or 
wiper systems (Appendix 3). 
Mean daily attenuation coefficients for regions in 
the southern part of PPB during January-
February 2009 were in the range 0.1–0.4 m-1, with 
the exception of Kirk Point which was 0.6 m-1 
(Table 4).  
The higher attenuation coefficients at Kirk Point 
(Figure 16) were consistent with the October-
December 2008 records for this region (Hirst et al. 
2009). Mean daily attenuation coefficients at 
Point Richards (Figure 17) were higher during 
January-February 2009 than October-December 
2008.  
The attenuation coefficients at Swan Bay (Figure 
18) in January-February 2009 were much lower 
than the 2008 records at this region (Hirst et al. 
2008a,b, 2009). This data was more consistent 
with Longmore et al. (2002) where an average 
attenuation of 0.5 m-1 was recorded at a 4 m deep 
site in southern Swan Bay over a 6-month period 
in 2001.  
Turbidity levels (6-hourly EWMA) at monitoring 
stations in southern PPB were mostly <5 NTU 
around 12 noon during January and February 
2009. Turbidity at Kirk Point was more variable, 
reaching a maximum of 32.5 NTU on 13 February 
2009 (Figure 16). This elevated turbidity was also 
matched by a spike in the attenuation values. 
A small spike in turbidity at the Mud Islands 
monitoring station was not matched by a change 
in the light attenuation at the logger sites (Figure 
14). The Mud Islands loggers are mounted on the 
Marine National Park boundary piles and the 
south east logger and north west logger are 
approximately 1.5 km and 4.0 km from the 
turbidity monitoring station respectively. This 
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distance may explain why the spike in turbidity 
was not reflected in the attenuation values. 
 
 
 
    
 
Figure 10. Mud Islands intertidal seagrass monitoring line positions autumn 2008 to summer 2009. 
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Figure 11. Point Richards (Bellarine Bank) intertidal seagrass monitoring line positions autumn 2008 
to summer 2009. Line 4 is an extra monitoring contingency line established as a backup for the three 
principal monitoring lines. Note Lines 3 & 4 were buried by sand in spring 2008 and summer 2009. 
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Figure 12. St Leonards intertidal seagrass monitoring line positions autumn 2008 to summer 2009. Line 
4 is an extra monitoring contingency line established as a backup for the three principal monitoring 
lines.  
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Table 4. Mean daily light attenuation coefficients (Kd) and % surface irradiance at depths of shallow (2 m) and deep plots (5 m) from 10 am–2 pm 
calculated for each region for January-February 2009. 
Region (Light logger) Lower 
logger 
depth 
(m)* 
Distance 
to 
shallow 
plot (km) 
Distance 
to deep 
plot (km) 
Mean 
daily Kd 
(m-1)  
Oct-Dec 
Mean 
daily Kd 
(m-1)  
Jan-Feb 
Mean daily 
% 
irradiance 
at 2 m  
Jan-Feb 
Mean 
daily % 
irradiance 
at 5 m  
Jan-Feb 
Total 
data 
days 
Jan-Feb 
Notes 
See Appendix 3 for light logger 
performance issues 
Blairgowrie (speed restriction 
pile) 
2.0 0.7 0.08 0.3 0.3 60 29 33 Oct-Dec data absent on 14 Nov due to 
logger servicing. 
Jan-Feb had no data after 2 Feb due to 
top logger flooding (Fig. 13). 
Blairgowrie (Sorrento Channel 
No. 10) 
3.4 0.7 0.5 0.2 0.2 68 38 43 Jan-Feb data excluded 11–26 Feb due 
to fouling of logger sensors (Fig. 13). 
Mud Islands (North West 
MNP pile) 
2.2 1.2 5 0.2 0.3 60 29 38 Oct-Dec data excluded 1–14 Nov due 
to failure of lower wiper. 
Jan-Feb data excluded 13 Jan-2 Feb 
due to fouling of light sensors (Fig. 
14). 
Mud Islands (South East MNP 
pile) 
1.9 2.5 2.4 0.3 0.2 66 36 32 Oct-Dec data absent 1–8 Oct due to 
failure of wiper on lower logger. 
Jan-Feb had no data 30 Jan-25 Feb as 
lower logger stopped recording; Fig. 
14). 
St. Leonards (Coles Channel 
No. 5) 
3.1 0.8 0.4 0.2 0.1 75 49 44 Oct-Dec data absent on 14 Nov due to 
logger servicing on this day. 
Jan-Feb data excluded data 20-21, 28 
Jan and 10-11, 19-28 Feb due to 
unreliable Kd values (< 0.1 ) (Fig. 15) 
St. Leonards (Coles Channel 
No. 3) 
3.0 2.1 2.3 0.3 0.3 59 29 38 Oct-Dec data excluded 1–8 Oct due to 
failure of upper logger. 
Jan-Feb data excluded 7-8, 10-12 Jan 
due to unreliable Kd values (< 0.1), 
and 13 Feb onwards due to fouling of 
lower logger sensors (Fig. 15). 
Kirk Point (Long Reef) 2.9 4.5 NA 0.6 0.6 36 NA 45 Oct-Dec and Jan-Feb data excluded 15 
Dec to 14 Jan due to upper logger 
being dislodged from pile (Fig. 16). 
Point Richards (Aquaculture 
zone pile) 
2.6 1.3 0.07 0.2 0.4 50 20 51 Oct-Dec data had no usable data for 
17–19 Nov due to fouling. 
Jan-Feb data excluded 7-14 Jan due to 
fouling of sensors (Fig. 17) 
Swan Bay (Channel Marker 
No. 3)# 
2.3 3.5 NA 1.2 0.4 49 NA 39 Oct-Dec and Jan-Feb data excluded 3 
Dec-14 Jan due to flooding of lower 
logger. 
Jan-Feb data excluded 16, 18-22 Feb 
due to unreliable Kd values( < 0.1) 
(Fig. 18) 
* Note small variations in logger depths occur between deployments due to small differences in placement of loggers on the piles by SCUBA divers that occur during the 
servicing trips. 
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Figure 16. Mean (± se) light attenuation coefficients (m-1), calculated daily between 10am and 2pm, and 
turbidity (6-hourly EWMA) at Kirk Point from 12 noon, for January–February 2009 (see also Appendix 
3). PoMC turbidity data from Long Reef monitoring station. Red arrows indicate when loggers were 
serviced. 
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Figure 17. Mean (± se) light attenuation coefficients (m-1), calculated daily between 10am and 2pm, and 
turbidity (6-hourly EWMA) from 12 noon, at Point Richards for January–February 2009 (see also 
Appendix 3). Red arrows indicate when loggers were serviced. 
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Figure 18. Mean (± se) light attenuation coefficients (m-1), calculated daily between 10am and 2pm, at 
Swan Bay for January–February 2009 (see also Appendix 3). No turbidity data was available for this 
region. Red arrows indicate when loggers were serviced. 
 
Epiphytes 
Epiphytic turfing algal cover on H. nigricaulis 
leaves in shallow subtidal plots (pooled data) 
varied significantly between regions and 
sampling dates (season) (Table 5). Turfing algal 
covered >70% of leaf area at Blairgowrie and 
>10% of leaf area at Mud Islands and Swan Bay 2 
in summer 2009. Turfing algal cover was low or 
non-existent at other shallow plots sampled in 
summer 2009 (Figure 19A).  
Turfing algae increased significantly in cover at 
Blairgowrie, Mud Islands and Swan Bay 2 
between spring 2008 and summer 2009 (Table 5). 
Turfing algal cover within these plots and for 
Swan Bay 1 in summer 2009 was also 
significantly higher compared to the long-term 
trend. Levels of turfing algal cover were 
unchanged at the other shallow subtidal plots 
(Table 5, Figure 19A). 
Turfing algal cover at deep plots (pooled data) 
varied significantly between regions and 
sampling dates (season) (Table 5). Turfing algal 
covered >40% of leaf area at Mud Islands and 
>10% of leaf area at St Leonards 2 in summer 
2009. Turfing algal cover was very low (i.e. <2%) 
at Blairgowrie, St Leonards 1 and Point Richards 
deep subtidal plots (Figure 19B). Turfing algal 
cover only increased significantly at Mud Islands 
between spring 2008 and summer 2009. Turfing 
algal cover was significantly lower in summer 
2009 when compared to spring and winter 2008 
combined, but higher in summer 2009 when 
compared to spring, winter and autumn 2008 
combined (Table 5, Figure 19B). This emphasised 
the patchy nature of epiphytic algal abundance 
over time. 
Encrusting epiphytic algal cover of H. nigricaulis 
leaf area in shallow plots (pooled data) varied 
significantly between regions and sampling dates 
(season) (Table 5). Encrusting algal cover was 
>40% of leaf area at Blairgowrie, >20% at Mud 
Islands, >5% at Swan Bay 1 and 2 and 0% at St 
Leonards, Point Richards and Kirk Point (Figure 
20A). Encrusting algal cover increased 
significantly at Blairgowrie and Mud Islands and 
decreased significantly at Swan Bay 1, 2 and St 
Leonards shallow plots between spring 2008 and 
summer 2009. Encrusting algal cover in summer 
2009 at Blarigowrie was high relative to the long-
term trend and at Mud Islands relative to spring 
and winter 2008 combined. Encrusting algal 
cover at Swan Bay 1 in summer 2009 was lower 
relative to the long-term trend at this plot. 
Encrusting algal cover was unchanged at St 
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Leonards and Point Richards  (Table 5, Figure 
20A). 
Encrusting epiphytic algal cover in deep plots 
(pooled data) varied significantly between 
regions and sampling dates (season) (Table 5). 
Encrusting algal cover was >30% of leaf area at 
Mud Islands, >10% at St Leonards 2 and >5% at 
Point Richards deep plots (Figure 20B). 
Encrusting algal cover increased significantly 
between spring 2008 and summer 2009 at Mud 
Islands, St Leonards 2 and Point Richards, and 
was high relative to the long-term trend at these 
plots.. Encrusting algal cover was unchanged at 
Blairgowrie and St Leonards 1 (Table 5, Figure 
20B). 
Epiphytic macroalgal cover at shallow subtidal 
plots varied significantly between regions and 
sampling dates (season) (Table 5). Macroalgae 
covered >70% of plots at Swan Bay 1 and >50% in 
Swan Bay2; >5% of plots at Blairgowrie and Mud 
Island and >1% of plots at Point Richards, St 
Leonards and Kirk Point in summer 2009 (Figure 
21A). Macroalgal cover decreased significantly at 
Mud Islands and Swan Bay 1 and 2 between 
spring 2008 and summer 2009. Macroalgal cover 
at Mud Islands in summer 2009 was significantly 
lower relative to the long-term trend at this plot, 
whereas macroalgal cover remained high at 
Swan Bay 1 compared with spring, winter and 
autumn 2008 sampling combined (Table 5, Figure 
21A).  
Epiphytic macroalgal cover at deep subtidal plots 
varied significantly between regions and 
sampling dates (season) (Table 5). Macroalgae 
covered <5% of deep plots in summer 2009 
(Figure 21B). Macroalgal cover at Mud Islands 
increased significantly between spring 2008 and 
summer 2009, but was not significantly higher 
relative to the long-term trend at this plot. 
Macroalgal cover at Blairgowrie was significantly 
lower compared with the long-term trend at this 
plot. Macroalgal cover was unchanged at all 
other deep plots (Table 5, Figure 21B). 
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Figure 19. Mean (± se) epiphytic turfing algae cover (%) of H. nigricaulis leaf area at A) shallow and B) 
deep subtidal plots in autumn (black), winter (hatched), spring (grey) 2008 and summer (cross-
hatched) 2009; n, indicates no data available for autumn 2008. 
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Table 5. Summary of linear mixed effects models testing for differences between all regions and sampling dates (seasons) for arcsin 
transformed epiphytic algae at shallow and deep subtidal plots.  
 Turfing algae Encrusting algae Epiphytic macroalgae 
Shallow plots      
Region F5,66=198; P<0.001 F5,66=158; P<0.001 F5,66=244; P<0.001 
Date F3,198=218; P<0.001 F3,198=4.89; P=0.003 F3,198=62.3; P<0.001 
Region*Date F15,198=153; P<0.001 F15,198=40.9; P<0.001 F15,198=67.3; P<0.001 
Contrast C1 C2 C3 C1 C2 C3 C1 C2 C3 
Blairgowrie +44.9*** +48.4*** +52.7*** +14.4*** +11.9*** +14.7*** -0.9 -0.3 -0.4 
Mud Islands +8.4*** +9.7*** +8.1*** +4.1*** +3.3** +1.7 -6.7*** -5.7*** -8.4*** 
Swan Bay 1 +0.2 +2.0* +2.6** -9.3*** -8.6*** -13.3*** -17.6*** -1.3 +8.2*** 
Swan Bay 21 +7.9*** +7.9***  -3.9** -3.7**  -3.1** +0.3  
St Leonards  0 0 0 -2.7** -1.6 -1.1 +0.3 +0.3 0 
Pt Richards 0 0 0 0 0 0  -1.8 -0.9 -1.8 
Kirk Pt 0 -0.7 -0.9 0 0 -0.1 -0.3 -0.3 -0.6 
Deep plots          
Region F3,44=362; P<0.001 F3,44=56.4; P<0.001 F3,44=16.0; P<0.001 
Date F3,132=53.4; P<0.001 F3,132=24.7; P<0.001 F3,132=13.3;P<0.001 
Region*Date F9,132=53.6; P<0.001 F9,132=17.2; P<0.001 F9,132=10.9; P<0.001 
Contrast C1 C2 C3 C1 C2 C3 C1 C2 C3 
Blairgowrie +0.2 +0.4 +0.5 +1.1 +0.9 +1.0 +1.8 -7.5*** -6.5*** 
Mud Islands +4.3*** -2.6*** +4.9*** +13.2*** +13.2*** +12.4*** +5.1*** +1.6 +0.7 
St Leonards 1 -1.4 -0.6 -0.2 -0.2 0 +0.1 -0.3 -0.1 -0.2 
St Leonards 21 +0.4 -1.4  +14.6*** +16.1***  -0.5 -0.1  
Pt Richards +0.7 +0.8 +0.7 +2.2* +2.2* +2.2* 0.5 -0.2 -0.2 
Planned statistical comparisons for each plot follow the Helmert sequence detailed in Appendix 1 (C1, C2 and C3); + t value indicates increase in 
variable; - a decrease in variable; green shading indicates significant increase in variable relative to previous samples; orange shading indicates 
significant decrease in variable relative to previous samples; F: F-ratio; P: probability that null hypothesis is true; NS: not significant. 
NS (or blank) P>0.05, *P<0.05, **P<0.01 and ***P<0.001. 
1 only C1 and C2 contrasts performed (NB. no autumn 2008 data). 
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Figure 20. Mean (± se) epiphytic encrusting algal cover (%) of H. nigricaulis leaf area at A) shallow and 
B) deep subtidal plots in autumn (black), winter (hatched), spring (grey) 2008 and summer (cross-
hatched) 2009; n, indicates no data available for autumn 2008. 
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Figure 21. Mean (± se) epiphytic macroalgal cover (%) of A) shallow and B) deep subtidal seagrass 
plots in autumn (black), winter (hatched), spring (grey) 2008 and summer (cross-hatched) 2009; n, 
indicates where no data available for autumn 2008. 
Intertidal plots 
Epiphytic turfing algae covered >30% of Z. 
muelleri leaf area in the Swan Bay intertidal plot 
in summer 2009 (Figure 22A); a significant 
increase relative to past levels at this plot (LME 
analysis, C3 contrast t=+27.0, P<0.001). 
Elsewhere turfing and encrusting algae covered 
<3% of Z. muelleri leaf area (Figure 22A,B).  
Epiphytic macroalgal cover decreased 
significantly at Mud Islands and Swan Bay 
between spring 2008 and summer 2009 (LME 
analysis: C1 contrasts t=-9.6 and t=-13.5 
respectively, P<0.001) (Figure 23). Macroalgal 
levels remained low at St Leonards and Point 
Richards in summer 2009.  
Other factors 
Drift algae 
Drift macroalgae was not abundant at any of the 
plots in summer 2009. Where drift algal cover 
was previously higher at the Point Richards 
deep (>40%) and Swan Bay 2 shallow (>20%) 
plots in spring 2008, cover of drift algae at these 
plots was <5% in summer (Figure 24). Drift 
macroalgae covered <5% of subtidal (Figure 24) 
and intertidal (Figure 25) plots during summer 
2009.  
Other epiphytic biota 
The encrusting bivalve Electroma georgiana was 
patchily distributed. It covered 19%, 8% and 6%, 
respectively of the plots at St Leonards 2 deep, 
Blairgowrie shallow and Mud Islands deep in 
summer 2009 (data not shown). 
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Figure 22. Mean (± se) A) turfing, and B) encrusting epiphytic algal cover (%) of Z. muelleri leaf area at 
intertidal plots in autumn (black), winter (hatched), spring (grey) 2008 and summer (cross-hatched) 
2009. 
Mu
d Is
lan
ds
Sw
an
 
Bay
St L
eo
na
rds
Pt R
ich
ard
s
0
20
40
60
80
100
%
 
co
ve
r Sum 09
Spr 08
Win 08
Aut 08
 
Figure 23. Mean (± se) epiphytic macroalgal cover (%) of intertidal seagrass plots in autumn (black), 
winter (hatched), spring (grey) 2008 and summer (cross-hatched) 2009. 
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Figure 24. Mean (± se) cover (%) of drift macroalgae at A) shallow and B) deep subtidal plots in 
autumn (black), winter (hatched), spring (grey) 2008 and summer (cross-hatched) 2009. n indicates 
where no data were available. 
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Figure 25. Mean (± se) cover (%) of drift macroalgae at intertidal plots in autumn (black), winter 
(hatched), spring (grey) 2008 and summer (cross-hatched) 2009. 
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Comparisons against historical 
data 
Seagrass health 
Historical data (2004-07) were available for 
shallow subtidal plots at Kirk Point, Point 
Richards and Swan Bay 2, and for intertidal plots 
at Point Richards and Swan Bay (Ball et al. in 
prep.).  
Historical data indicated that seagrass cover, 
length and stem density were higher at Kirk 
Point and Point Richards shallow subtidal plots 
in the past (Figure 26). When these plots were 
established in April 2005, seagrass covered >80% 
of the benthos. By April 2008, when the first 
season’s sampling was undertaken for the 
baywide monitoring program, seagrass covered 
<10% of the benthos. Seagrass cover, length and 
stem densities remained low throughout 2008 
and early 2009, and had not returned to pre-April 
2007 levels by January 2009 at these plots.  
Seagrass covered >95% of the Swan Bay 2 
shallow subtidal plot between April 2005 and 
April 2006. By April 2007, seagrass cover had 
declined to 12% (Figure 26). Seagrass cover and 
length at Swan Bay 2 were still low in February 
2009 relative to past trends at this plot. 
Intertidal seagrass cover and shoot density at 
Point Richards in January 2009 were similar to 
past levels observed at this plot between April 
2005 and April 2007 (Figure 27). Seagrass length 
in January 2009 was at its lowest recorded level 
for this plot.  
Zostera muelleri dominated the Swan Bay 
intertidal plot when it was established in April 
2005. From November 2006 this plot was 
dominated by L. marina (Figure 27). In May 2008 
L. marina shoot counts were >1000 per 0.0625 m2 
quadrat, but by February 2009 were 
approximately 400 shoots per quadrat. Zostera 
muelleri and L. marina shoot lengths were similar 
between November 2005 and February 2009.  
Seagrass epiphyte cover 
Epiphytic algal cover varied over time in shallow 
subtidal seagrass plots sampled on nine 
occasions between April 2005 and 
January/February 2009 (Figure 28). Epiphytic 
algal levels at Kirk Point and Point Richards were 
low relative to past levels observed for these 
plots. Epiphytic turfing and encrusting algal 
cover at the Swan Bay 2 shallow plot in January 
2009 was similar to levels previously observed at 
this plot. Epiphytic macroalgal cover in February 
2009 exceeded levels recorded in April 2005/06, 
but were less than April 2007 (Figure 28).  
Note that there are some inherent difficulties in 
comparing data collected using different 
methods. The data collected between 2004 and 
2007 (Ball et al. in prep.) used random rather than 
fixed quadrats, fewer replicates (n = 5 versus 12) 
and destructive cores to estimate shoot/stem 
densities. These differences are likely to influence 
the variances to a greater extent than the means 
(and hence the trends observed). 
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Figure 26. Mean (±se) seagrass cover (%), length (cm) and stem density (counts 0.0625m-2) for H. 
nigricaulis at Kirk Point, Point Richards and Swan Bay 2 shallow subtidal plots. Data are presented 
from November 2004 – April 2007 (FRB; Ball et al. in prep.) and the autumn, winter, spring 2008 and 
summer 2009 Baywide seagrass monitoring field assessments (depicted in grey); n.b. X axis 
disproportionately scaled, and change in scale of X and Y axis between graphs; n/a denotes where no 
data were available; * denotes missing data at Swan Bay 2 in autumn 2008. 
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Figure 27. Mean (±se) cover (%), shoot length (cm) and density (counts 0.0625m-2) for intertidal seagrass 
at Point Richards and Swan Bay, November 2004–April 2007 (FRB; Ball et al. in prep.) and for the 
autumn, winter, spring 2008 and summer 2009 Baywide seagrass monitoring program (BSMP) field 
assessments; n.b. X axis disproportionately scaled, and change in scale of X and Y axis between graphs; 
n/a denotes where no data were available. 
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Figure 28. Mean (±se) turfing, encrusting and macroalgal epiphytic cover (%) for H. nigricaulis at Kirk 
Point, Point Richards and Swan Bay 2 shallow subtidal plots, April 2005–April 2007 (Ball et al. in 
prep.) and for the autumn, winter, spring 2008 and summer 2009 Baywide seagrass monitoring field 
assessments (depicted in grey); n.b. X axis disproportionately scaled, and change in scale of X axis 
between graphs; *denotes missing data at Swan Bay 2 in autumn 2008. 
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Appendix 3. Light Logger Performance 
The performance of the light loggers and wiper 
systems deployed during January-February 2009 
are summarised below (see also Table 4). 
Blairgowrie (speed restriction 
pile) 
The upper logger flooded during the deployment 
from 2 February to 26 March 2009 and no data 
was retrieved from the logger memory for this 
period (Figure 13). The flooding was caused by a 
hairline crack in the logger housing. This logger 
has been replaced. The lower logger functioned 
correctly during the February period of this 
deployment, while the March data will be 
analysed in the April/May Milestone Report. 
Blairgowrie (Sorrento Channel 
No. 10) 
The upper and lower loggers appeared to be 
affected by fouling towards the end of the 13 
January to 26 February 2009 deployment due to 
the failure of the wiper systems (Figure 13). The 
metal gears in the wipers were found to be 
stripped. It is possible that heavy drift algae 
became caught on the loggers during the 
deployment and presented too much resistance 
for the wipers.  
Mud Islands North West 
The lower logger was found to be relatively 
heavily fouled when it was retrieved on 3 
February 2009. The upper logger had lighter 
fouling, and appeared to have functioned 
correctly. The data from 13 January to 2 February 
2009 was excluded as it appeared to be unreliable 
due to the fouling of the lower logger (Figure 14). 
Mud Islands South East 
The lower logger stopped recording data on 30 
January 2009 during the 13 January to 25 
February 2009 deployment (Figure 14). No 
reasons for the logger failure were identified and 
this logger has been replaced. The upper logger 
functioned correctly, although some light fouling 
on the sensor when it was retrieved may have 
affected the quality of data towards the end of 
the deployment. 
St. Leonards (Coles Channel No. 
3) 
Heavy fouling on the upper logger towards the 
end of the December 2008 to January 2009 
deployment caused the data to be unreliable on 
7–8 and 10–12 January (Figure 15). The lower 
logger became fouled during the January-
February 2009 deployment and the data from 13 
February onwards was unreliable. 
St. Leonards (Coles Channel No. 
5) 
The loggers appeared to function correctly 
during the January-February 2009 deployment, 
although data was excluded from 20-21 and 28 
January 2009 and 10-11 February 2009 (Figure 
15). It is possible that drift algae may have 
impacted the loggers on these days. The data 
from 19 February 2009 onwards was also 
excluded due to unreliable Kd values (< 0.1) and 
this may have been caused by light fouling on the 
lower sensors. 
Kirk Point 
The upper logger was dislodged from the Long 
Reef pile during the 20 November 2008 to 14 
January 2009 deployment. The logger was found 
on the adjacent seabed. The light attenuation 
coefficients indicated that the logger was most 
likely dislodged on 15 December 2008 and the 
data after this date was excluded (Figure 16). The 
lower logger functioned correctly during this 
deployment. 
Point Richards (Bellarine Bank) 
Heavy fouling on the upper logger towards the 
end of the November 2008 to January 2009 
deployment caused the data to be unreliable for 
the start of January 2009 (Figure 17). The lower 
logger functioned correctly during this 
deployment. 
Swan Bay 
The lower logger flooded during the deployment 
from 3 December 2008 to 14 January 2009 and no 
data was able to be retrieved from the logger 
memory (Figure 18). There were no visible 
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problems with the seal on the logger housing or 
the o-ring. This logger has been replaced.  
The upper and lower loggers appeared to be 
affected by fouling towards the end of the 
January to February 2009 deployment due to the 
failure of the wiper systems (Figure 18). The 
metal gears in the wipers were found to be 
stripped. It is possible that drifting seagrass 
leaves became caught on the loggers during the 
deployment and presented too much resistance 
for the wipers. Data was excluded from 16 and 
18-22 February 2009 due to unreliable Kd values 
(< 0.1). 
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Appendix 4 Electronic Data 
Electronic data files are as follows: 
• Seagrass health observations at plots and 
quadrats: CDP_seagrass_database_MR4.xls 
• Intertidal seagrass upper limit boundaries: a 
separate shapefile exists for each region with 
the naming format 
Regioncode_UL_date_projection (e.g. 
MI_UL_12May08_MGA55.shp) 
• Light logger data: Logger_data_January-
February09.xls. 
 
 
